Enhanced Fluid Dynamics Modeling

Capability for Anatomically-Correct

Endovascular Flows

ver the past several years,
Ocomputational fluid dynamics

(CFD) has been increasingly
used as a tool for simulating
hemodynamic flows within the human
body. CFD simulations have the
advantage of providing 3-D, time-
dependent velocity and pressure fields
that are not easily measured with in
vivo diagnostics or in vitro
experimental techniques. Combined
with advances in medical imaging
technology, such as magnetic
resonance imaging (MRI) and
computed tomography (CT), CFD can
offer patient-specific data of
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hemodynamic flows within
endovascular geometries acquired
through these imaging methods.
Doctors can then use this image-based
data to make more informed medical
diagnoses and to predict the outcomes
of various treatment alternatives.

Project Goals

The purpose of this project is to
demonstrate a modeling and
simulation capability for the
hemodynamic flow through an
endovascular geometry obtained
from CT scan data. To successfully
achieve this goal, we identified the
steps and software tools required to
extract an arterial surface from raw
CT scan data, to generate a
volumetric mesh within this surface,
and to simulate the hemodynamic
flow throughout the mesh.

Relevance to LLNL Mission

The technical capability to extract
surface geometry information from CT
scan data, produce a 3-D
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included in the CFD simulation.
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computational mesh based upon this
geometry, and conduct CFD
simulations using this mesh has
numerous applications to LLNL’s
mission. For example, this capability
could be used to examine the flow
field through an autonomous
pathogen detection system (APDS)
returning from the field, and to
quantitatively assess the impact of bio-
fouling or particulate contamination
on the flow through the collector
system.

FY2005 Accomplishments
and Results

Numerical simulations were
performed with a commercial code,
STAR-CD, on an endovascular
geometry extracted from CT scan data
of a 51-year-old female patient with a
brain aneurysm (Fig. 1). The
complexity of the flow field within this
geometry is highlighted by the 3-D
streamlines shown in Fig. 2.

A streamline plot at one cross-
section of the computational domain
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Figure 3. Velocity streamlines at a cross-section of the bifurcation

and aneurysm.

(Fig. 3) shows that the flow at the
bifurcation is comprised of a jet from
the basilar artery that impinges upon
the aneurysm neck at multiple
locations to form a swirling, vortical
structure. Figure 4 shows a plot of the
shear stress over the entire arterial
geometry. It can be seen that there is
significant variation of the wall shear
stress at the aneurysm neck due to the
underlying flow patterns. Such
behavior in the wall shear stress and
wall shear stress gradient has often
been identified as one of the prime
mechanisms for arterial wall
degradation.
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FY2006 Proposed Work

To enhance the capability for
simulating endovascular flows, we
will implement and demonstrate
non-Newtonian and temperature-
dependent blood viscosity models
with STAR-CD. The models will be
validated using experimental data
from the literature and
demonstration simulations will be
performed with an endovascular
geometry obtained from CT/MRI
scan data.

Figure 4. Shear stress distribution over the
arterial walls.
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